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SUMMARY 
Samples of 1% Pt/Sn02 c a t a l y s t  were exposed t o  a s to i ch iomet r i c  gas mixture of 
1% CO and 1/2% O2 i n  helium over a range of f lowra te s  from 5 t o  15  sccm and 
temperatures  from 338' t o  394' Kelvin.  Reaction r a t e  cons t an t s  for  t he  c a t a l y t i c  
ox ida t ion  of carbon monoxide and t h e i r  temperature dependence were determined and 
compared with previous l i t e r a t u r e  va lues .  
INTRODUCTION 
Space-born, high-energy, pulsed l a s e r  systems are va luab le  fo r  improved world- 
wide weather f o r e c a s t i n g  and fo r  the  more e f f i c i e n t  opera t ion  of a i r c r a f t  ( r e f .  1 ) .  
They can measure wind v e l o c i t y ,  temperature,  and humidity a t  va r ious  l e v e l s  i n  the  
atmosphere ( r e f s .  1 and 2). They a r e  a l s o  u s e f u l  f o r  measuring atmospheric 
p o l l u t a n t s ,  such as  NH3 and HCR ( r e f .  3 ) .  I n  t h i s  regard ,  t he  C02 TEA laser is of 
p a r t i c u l a r  i n t e r e s t  because of i t s  high power, and, when used with r a r e  i so tope  COP, 
such as C1802, i t s  c a p a b i l i t y  of improved atmospheric t ransmiss ion  ( r e f .  4 ) .  
For s a t e l l i t e  a p p l i c a t i o n s  the  C02 l a s e r  m u s t  be operated closed-cycle t o  
conserve gas ,  e s p e c i a l l y  i f  r a r e  i so tope  C02 is  used. 
causes  a d i s s o c i a t i o n  of C 0 2  i n t o  CO and 02; i n  a sho r t  t i m e  period (10 t o  
20 minutes) a build-up of a small  concent ra t ion  of O2 occurs .  This causes  a r ap id  
power l o s s ,  ending i n  e r r a t i c  behavior ( r e f .  4 ) .  To c o r r e c t  t h i s  problem, an 
e f f i c i e n t ,  low temperature c a t a l y s t  i s  needed t o  recombine CO and O2 t o  main ta in  a 
cons t an t ,  high power l e v e l  fo r  long time per iods ( a  year or more). For e f f i c i e n t  
l a s e r  ope ra t ion ,  i t  should have high a c t i v i t y  between 25 and 100°C a t  low 
concen t r a t ions  of o2 (< 1/2mol x > .  
However, t he  l a s e r  d i scharge  
S t a r k  and Harris ( r e f .  5) formulated Pd/Sn02 and Pt/Sn02 c a t a l y s t s  t h a t  were 
found use fu l  f o r  t he  c a t a l y t i c  ox ida t ion  of CO. They observed a f i r s t  o rder  r a t e  
l a w  f o r  t he  conversion of O2 and CO t h a t  f i t t e d  t h e i r  d a t a  we l l ;  t h a t  i s ,  
-In (p/Po> = A w t / V  
where 
oxygen p a r t i a l  p ressure ,  w is the  c a t a l y s t  mass(g),  V is the  volume of t h e  tes t  gas  
v e s s e l  ( 1, and A is the  volumetr ic  pumping speed f o r  t he  removal of 
O2 ( 2  s g-'1. A was t r e a t e d  l i k e  a r eac t ion  ra te  cons tan t  i n  an Arrhenius 
equat ion;  t h a t  is , 
p is  the  p a r t i a l  p ressure  of oxygen a t  time t ( s e c ) ,  Po i s  the  i n i t i a l  
-4 
A = B exp (-E/RT) 
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o r  -In A = -In B + E/RT 
-1 -1 where B is  the  pre-exponential  (II s g 1, E i s  the  a c t i v a t i o n  energy, kJ mol-', 
R 
"K. 
pt/Sno2 c a t a l y s t .  
of CO and O2 i n  a s to i ch iomet r i c  mixture  of l % C O  +1/2%02 i n  He flowing through a 
1%Pt/Sn02 c a t a l y s t  bed, o r  
i s  the  gas constant  8.31 X lo3  kJ mol" O K - ' ,  and T i s  abso lu te  temperature ,  
They found an E of 40 kJ mol" f o r  t h e  Pd/Sn02 c a t a l y s t  and 41 kJ mol" f o r  
M i l l e r  e t  a l .  ( r e f .  6 )  a l s o  observed a f i r s t  o rder  r a t e  law for t he  conversion 
-In (p/Po) = k 'I 
where k is the r eac t ion  rate cons tan t  (set") and T is the  con tac t  time (sec)  of 
t he  flowing gas i n  the  c a t a l y s t  bed. Then, using the  Arrhenius equat ion  
k = B exp (-E/RT) 
o r  -In k = -1n B + E/RT 
where B i s  the pre-exponential  term (set") they found an E of 24 kJ mol-' 
( r e f .  7 ) .  That i n v e s t i g a t i o n  was c a r r i e d  out a t  temperatures  between 25 and 7 5 ° C .  
Data a t  h igher  temperatures were not u se fu l  because c a t a l y s t  a c t i v i t y  and sample 
s i z e  (-lg) r e su l t ed  i n  O2 conversion approaching 100 percent .  
The purpose of the  cu r ren t  s tudy w a s  t o  extend the  temperature  range by us ing  a 
smal le r  sample s i z e  and t o  s tudy the  e f f e c t  of vary ing  the  gas f lowra te  and c a t a l y s t  
temperature on t h e  conversion e f f i c i e n c y  of 1% Pt/Sn02 c a t a l y s t  which had been 
precondi t ioned more r igo rous ly  than t h a t  c i t e d  i n  r e fe rence  6.  
I n  the  previous s tudy,  t he  pretreatment  condi t ions  were very moderate compared 
t o  more r igorous  pretreatment  procedures developed subsequent ly  i n  our l abora to ry .  
S p e c i f i c a l l y ,  i n  t h e  previous s tudy ,  one hour pretreatment  with helium a t  225°C was 
used, whereas more recent  s t u d i e s  have shown t h a t  extending t h e  pre t rea tment  time t o  
about 20 hours  at t he  same temperature improved the  s t a b i l i t y  of t h e  c a t a l y t i c  
r e a c t i o n .  Therefore ,  it was f e l t  necessary t o  re-evaluate  the  c a t a l y s t  under t h e  
more r igorous  pretreatment  condi t ions  over a wider temperature range. Consequently,  
experiments were conducted t o  determine t h e  a c t i v a t i o n  energy and r e a c t i o n  r a t e  
cons tan t  of t he  c a t a l y t i c  ox ida t ion  of carbon monoxide and compare them wi th  those  
obtained from the previous s tudy.  Add i t iona l ly ,  s i n c e  t h e  c a t a l y s t  is  being 
eva lua ted  f o r  space a p p l i c a t i o n s ,  t he  weight of the  c a t a l y s t  is  an important 
cons ide ra t ion .  Therefore ,  we designed our t e s t s  so as t o  o b t a i n  t h e  e f f i c i e n c y  of  
t h e  c a t a l y s t  per u n i t  weight of c a t a l y s t  i n  order  t o  determine t h e  minimum amount of 
c a t a l y s t  required f o r  maximum e f f i c i e n c y  under va r ious  cond i t ions  of temperature  and 
gas f lowrat es . 
EXPERIMENTAL MATERIALS AND METHOD 
The c a t a l y s t  i s  a powder c o n s i s t i n g  of one percent  plat inum on t i n  oxide (w/w) 
which was prepared commercially by the  method of Croft  and F u l l e r  ( r e f .  8 ) .  By t h a t  
method, i t  was ca lc ined  a t  450°C f o r  f i v e  hours ,  then reduced with a mixture of 
30 percent  carbon monoxide i n  argon f o r  two hours a t  150°C. The c a t a l y s t  parameters 
a r e  shown i n  f igu re  1. 
A weighed amount of c a t a l y s t  w a s  loaded i n t o  a plug-flow r e a c t o r  which c o n s i s t s  
of a 6.8 mm I . D .  quar tz  tube with s t a i n l e s s  s t e e l  f i t t i n g s  at each end. The sample 
w a s  held i n  p lace  by quar tz  wool plugs as shown i n  f i g u r e  2 .  The loaded r e a c t o r  was 
placed i n  a c o n t r o l l e d  temperature oven w i t h  s t a i n l e s s  s t e e l  connections t o  t h e  
r e a c t a n t  gas mixture at the  i n l e t  and t o  the gas chromatograph a t  t he  o u t l e t .  A 
schematic of t he  e n t i r e  sur roga te  laser: f a c i l i t y  is  shown i n  f i g u r e  3. 
As ind ica ted  i n  f i g u r e  1 ,  t h e  c a t a l y s t  was p re t r ea t ed  fo r  a period of 20 hours 
by passing high p u r i t y  helium which has been dr ied  with magnesium pe rch lo ra t e  and 
h e a t i n g  the  r e a c t o r  tube at 225"C, then cooled t o  room temperature under helium flow 
before  s t a r t i n g  t h e  tests. The r eac t an t  s to ich iometr ic  gas mixture was f i r s t  
d i r e c t e d  through a by pass l i n e  outs ide  the oven t o  t h e  gas chromatograph t o  measure 
the  concent ra t ion  of CO and O2 a t  the  i n l e t  of the r e a c t o r .  
contained 1% CO, 0.5% 02, 2% N e  i n  helium. 
s tandard .  
water present .  
The t e s t  gas mixture  
The neon served as  an i n t e r n a l  
This mixture was a l s o  passed through magnesium pe rch lo ra t e  t o  remove any 
The r e a c t o r  was heated t o  the  t e s t  temperature and the  t e s t  gas mixture w a s  
passed through the  c a t a l y s t  bed a t  t h e  se lec ted  f lowra te .  The product gases were 
sampled with a computer-actuated valve i n  the gas chromatograph which was programmed 
t o  sample consecut ive ly  f o r  the  f i r s t  hour of t e s t i n g  and then a t  90 minute 
i n t e r v a l s  f o r  the  remainder of the tes t  period. As ind ica ted  i n  f i g u r e  1,  the  
chromatograph u s e s  a coaxia l  column t h a t  has s i l i c a  ge l  i n  one and molecular s i e v e  
i n  the  o the r  operated a t  80°C. The coaxial  column w a s  used t o  sepa ra t e  the  product 
components and a thermal conduct iv i ty  de t ec to r  was used f o r  t h e i r  measurement. The 
computer ca l cu la t ed  the  o u t l e t / i n l e t  r a t i o s  and p r in t ed  t h e  percent y i e l d  of C02,  
percent  l o s s  of O 2  and percent l o s s  of CO f o r  each sampling sequence. The r e a c t i o n  
ra te  constant  of CO and O2 a t  t h e  c a t a l y s t  su r f ace  for  t he  r e a c t i o n  
was determined by p l o t t i n g  the  nega t ive  na tura l  logari thm of the  r a t i o  of t he  
p a r t i a l  p ressure  of oxygen i n  t h e  product gas t o  t h a t  of the  r e a c t a n t  gas a t  t he  
i n l e t  as a func t ion  of res idence  t i m e .  By using a p lo t  of the logari thm of the  
r e a c t i o n  ra te  constant  versus  r e c i p r o c a l  absolute  temperature,  t he  a c t i v a t i o n  energy 
and pre-exponential  va lues  were determined. 
TESTS 
Two s e r i e s  of t e s t s  were conducted as ou t l ined  i n  f i g u r e  4.  During the  f i r s t  
series,  the temperature and gas f lowra te  were held constant  at 1OO'C and 10 sccm, 
r e s p e c t i v e l y ,  while samples of d i f f e r e n t  weight were t e s t e d .  This enabled t h e  
de te rmina t ion  of t h e  amount of c a t a l y s t  t h a t  was requi red  fo r  complete conversion,  
o r  100 percent  C02  y i e l d ,  and t o  s e l e c t  the s i z e  sample f o r  t he  next  s e r i e s  of 
tests.  
For t he  second s e r i e s  of t es t s  samples of c a t a l y s t  weighing 0.15 gram (so as t o  
remain below 100 percent conversion)  were exposed t o  the  tes ts  gas flowing a t  5 ,  10, 
o r  35 sccm while the temperature was ramped up o r  down from 55°C t o  120°C. 
c a t a l y s t  samples were used f o r  each f lowrate  condi t ion ,  each p r e t r e a t e d  with helium 
p r i o r  t o  t e s t i n g .  While d a t a  were co l l ec t ed  from t h e  beginning of t h e  tes t ,  only t h e  
d a t a  t h a t  were obta ined  a f t e r  t h e  r eac t ion  reached s t eady  s ta te  cond i t ions  w e r e  used 




The r e s u l t s  of  t h e  f i r s t  ser ies  of tests are shown i n  f i g u r e  5. The C 0 2  
c o n v e r s i o n  e f f i c i e n c y  i n c r e a s e d  l i n e a r l y  wi th  i n c r e a s e  i n  c a t a l y s t  sample mass and 
approached 100 pe rcen t  w i th  a c a t a l y s t  m a s s  o f  approx ima te ly  0.17 gram under 
c o n s t a n t  temperature  and f l o w r a t e .  Based on t h e s e  r e s u l t s ,  a c a t a l y s t  sample of 
0.15 gram was s e l e c t e d  f o r  t h e  nex t  se r ies  of  t e s t s  so as t o  v a r y  t h e  f l o w r a t e  and 
t e m p e r a t u r e  without  r e a c h i n g  t h e  100 p e r c e n t  CO2 c o n v e r s i o n .  
The decay of oxygen i n  t h e  product  gas  as a f u n c t i o n  of t e m p e r a t u r e  f o r  
3 d i f f e r e n t  cons t an t  f l o w r a t e  c o n d i t i o n s  of 5 ,  10 and 15 sccm is  shown i n  
f i g u r e  6. On i n c r e a s i n g  t h e  t e m p e r a t u r e  and r e t u r n i n g  t o  t h e  i n i t i a l  t e m p e r a t u r e  
c o n d i t i o n ,  no s i g n i f i c a n t  h y s t e r e s i s  was found w i t h i n  e x p e r i m e n t a l  e r r o r .  
The r e a c t i o n  r a t e  c o n s t a n t s  f o r  t h e  v a r i o u s  t e m p e r a t u r e  l e v e l s  are shown i n  
f i g u r e  7. The da ta  s u g g e s t  a f i r s t  o r d e r  r e a c t i o n ,  which i s  c o n s i s t e n t  w i th  t h e  
d a t a  o b t a i n e d  by S t a r k  and Harris ( r e f .  5)  and Miller e t  a l .  ( r e f .  6 ) .  The 
dependence of the r a t e  c o n s t a n t s  on t empera tu re  is shown i n  f i g u r e  8. A c o r r e l a t i o n  
c o e f f i c i e n t  o f  .9972 was o b t a i n e d  C a l c u l a t i o n s  from t h i s  graph y i e l d e d  an 
a c t i v a t i o n  energy, E = 55 kJ mol-i and a p re -exponen t i a l ,  B = 7.5x107sec". 
DISCUSSION 
I n  o r d e r  t o  compare t h e  d a t a  i n  t h e  l i t e r a t u r e  w i t h  t h a t  i n  t h e  c u r r e n t  s t u d y ,  
it is n e c e s s a r y  t o  conve r t  a l l  t h e  d a t a  t o  t h e  same b a s i s ,  t h a t  i s ,  t h e  d a t a  need t o  
be  normalized.  The key parameter  t h a t  needs t o  be normalized is t h e  p re -exponen t i a l  
f a c t o r  B, i n  the Ar rhen ius  e q u a t i o n :  
k = B exp (-E/RT) 
where k = t h e  r e a c t i o n  r a t e  c o n s t a n t ,  sec" 
B = p r e  e x p o n e n t i a l  f a c t o r ,  sec-1 
E = a c t i v a t i o n  energy,  k~ mol-' 
R = Unive r sa l  Gas Cons tan t ,  kJ mol" "K-l 
T = Abso lu te  t e m p e r a t u r e  "K 
By n o r m a l i z i n g  B,  k is a l s o  normalized.  The v a l u e  of k found i n  t h e  p r e s e n t  
s t u d y ,  as w e l l  as t h a t  found by Miller e t  a l .  i s  given i n  t he  dimension of sec-l, 
whereas  a s i m i l a r  pa rame te r  r e p o r t e d  by S t a r k  and Harris, which they  c a l l  A, t h e  
pumping speed,  is g i v e n  i n  t h e  dimension a. gm-' sec". 
A r e a c t i o n  r a t e  c o n s t a n t  t h a t  would be common t o  a l l  t h r e e  sets of d a t a  i s  k ' ,  
To c o n v e r t  t h e  B and k v a l u e s  i n  t h e  p r e s e n t  s t u d y ,  as i n  t h e  dimension sec - l  gm-l. 
w e l l  as t h o s e  i n  t h e  s t u d y  by Miller et  a l ,  r e q u i r e s  d i v i s i o n  of B and k, by t h e  
sample weight used, w, i n  gms, o r  k '  = k/w sec" gm'l and B '  = B/w sec-1 gm-1. 
v a l u e  of w i n  t h e  c u r r e n t  s t u d y  is 0.15 grams and t h e  v a l u e  of w r e p o r t e d  by 
Mil ler  e t  a l .  i s  0.925 grams. 
The 
To conve r t  t he  pumping speed ,  A, r e p o r t e d  by S t a r k  and Harris t o  k ' ,  i t  is  
n e c e s s a r y  t o  d i v i d e  t h e i r  
i s  1 .2  2 ,  or 
A v a l u e  by t h e  volume o f  t h e  tes t  gas  v e s s e l ,  V, which 
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k '  - A - -  V 
-1 -1 g m  s e c  
The p re -exponen t i a l ,  B ' ,  w a s  c a l c u l a t e d  from t h e  Ar rhen ius  e q u a t i o n  u s i n g  t h e i r  
r e p o r t e d  a c t i v a t i o n  e n f r g y  f f  41.4 kJ mol" and s e v e r a l  k ' ,  T v a l u e s .  
B' v a l u e  was 1609 s e c -  gm- . The ave rage  
However, S t a r k  and Harris used a 1.3% P t  l o a d i n g  on Sn02, whereas B a t t e n  and 
Mi l le r  
Harris comparable,  i t  w a s  assumed t h a t  c a t a l y s t  a c t i v i t y  was p r o p o r t i o n a l  t o  
p l a t i n u m  l o a d i n g .  
a d j u s t e d  B' v a l u e  of 1238 s e c -  gm". The v a l u e s  of B' and E i n  t h e  Ar rhen ius  
e q u a t i o n  used t o  c a l c u l a t e  t h e  K' v a l u e s  f o r  a l l  t h r e e  s t u d i e s  are as f o l l o w s :  
e t  a l .  used a 1% Pt  l o a d i n g  on Sn02. To make t h e  k '  v a l u e s  of S t a r k  and 
T h e r e f o r e ,  €he B' v a l u e  of 1609 was d i v i d e d  by 1.3 t o  o b t a i n  an 
Refe rence  P re -exponen t i a l  A c t i v a t i o n  Energy Temperature Range, 
"C -B', sec-1 gm-1 E ,  w mol-' 
C u r r e n t  Study 5 x lo8 
Miller e t  a l .  1690 







Values  of  k '  v e r s u s  '/T are p l o t t e d  i n  f i g u r e  9 f o r  a l l  t h r e e  s t u d i e s .  Note t h a t  
t h e  k '  v a l u e s  of t h i s  s t u d y  are about an o rde r  of  magnitude g r e a t e r  t han  t h o s e  of 
Miller e t  a l .  Even though a l i q u o t s  of t h e  same c a t a l y s t  were used i n  b o t h  s t u d i e s ,  
i n  Miller et  a l .  an a l i q u o t  was ,  t a k e n  from t h e  t o p  end of  t h e  i n i t i a l  sample 
s h o r t l y  a f t e r  r e c e i p t  from t h e  manufac tu re r .  I n  t h r e e  y e a r s ,  t h i s  sample was drawn 
down f o r  o t h e r  s t u d i e s ,  so t h a t  a l i q u o t s  taken f o r  t h e  c u r r e n t  s t u d y  r e p r e s e n t  
p o r t i o n s  t a k e n  from t h e  bottom end of  t h e  sample. When t h e r e  is  a m i x t u r e  of  
p a r t i c l e s  of t h e  same d e n s i t y  bu t  of d i f f e r e n t  s i z e ,  t h e  smaller p a r t i c l e s  w i l l  
s e t t l e  t o  t h e  bottom of  t h e  mix tu re .  The re fo re ,  a l i q u o t s  of  t h e  sample used i n  t h e  
p r e s e n t  s t u d y  w i l l  probably have a p a r t i c l e  s i z e  d i s t r i b u t i o n  w i t h  a smaller mean 
p a r t i c l e  s ize  t h a n  i n  t h e  ea r l i e r  s tudy .  
a s s o c i a t e d  w i t h  a h i g h e r  s u r f a c e  area and h i g h e r  P t  l o a d i n g  and may r e s u l t  i n  h i g h e r  
k '  v a l u e s .  Another r e a s o n  f o r  t h e  h i g h e r  k' v a l u e s  i n  t h e  c u r r e n t  s t u d y  is, 
p robab ly ,  t h e  more r i g o r o u s  p r e t r e a t m e n t  given t h e  c a t a l y s t  compared t o  t h a t  i n  t h e  
o t h e r  s t u d y .  I n  t h e  o t h e r  s t u d y ,  t h e  c a t a l y s t  was p r e t r e a t e d  w i t h  f lowing  He  a t  
225°C f o r  one hour .  I n  t h e  p r e s e n t  s t u d y  t h e  c a t a l y s t  w a s  p r e t r e a t e d  w i t h  H e  at 
225°C f o r  20 hour s .  P r e v i o u s  s t u d i e s  had shown t h a t  t h i s  extended p r e t r e a t m e n t  t i m e  
i n c r e a s e d  c a t a l y s t  a c t i v i t y .  The e f f e c t  of c a t a l y s t  ag ing  d u r i n g  t h e  t h r e e  y e a r  
t i m e  i n t e r v a l  between t h e  t w o  s t u d i e s  i s  unknown. 
A smaller mean p a r t i c l e  s i z e  may be 
Also,  i n  f i g u r e  9 ,  t h e  k '  v a l u e s  of S t a r k  and Harris are s e v e r a l  o r d e r s  of 
magnitude below t h o s e  of t h e  p r e s e n t  s tudy.  There may be s e v e r a l  r e a s o n s  f o r  t h e s e  
low k '  v a l u e s .  The c a t a l y s t  g r a n u l e s  were s p r e a d  t h i n l y  ove r  an area of about 
15  c m  a t  t h e  b a s e  of  t h e  laser enve lope .  Although no mention w a s  made of  g a s  
c i r c u l a t i o n  i n  t h e  envelope,  even i f  t h e r e  were good c i r c u l a t i o n ,  c o n t a c t  of t h e  gas  
m i x t u r e  w i t h  t h e  g r a n u l e s  would not  be as e f f e c t i v e  as i f  t h e  g r a n u l e s  were i n  a bed 
th rough  which t h e  gas  mix tu re  flowed. I n  t h i s  c a s e ,  mass t r a n s f e r  would be l i m i t e d  
mos t ly  to d i f f u s i o n a l  p r o c e s s e s  r a t h e r  than by momentum t r a n s f e r .  Furthermore,  no 
mention w a s  made of any p r e c o n d i t i o n i n g  of t h e  c a t a l y s t  as w a s  done i n  t h e  o t h e r  two 
s t u d i e s .  P r e c o n d i t i o n i n g  h a s  been shown t o  have a v e r y  b e n e f i c i a l  e f f e c t  on 
c a t a l y s t  a c t i v i t y .  F i n a l l y ,  S t a r k  and H a r r i s  used a gas  m i x t u r e  of 31% C 0 2 ,  16% N 2 ,  
43% He ,  7% CO and 3% 02. 
c o n s i d e r a b l y  h i g h e r  t han  i n  t h e  c u r r e n t  and t h e  p r e v i o u s  s t u d y  where g a s  m i x t u r e s  of 
2 
The c o n c e n t r a t i o n  l e v e l s  o f  CO and O2 i n  t h e i r  s t u d y  are  
203 
1% co and1/2% O2 i n  H e  were used. 
on t h e  a c t i v i t y  of t h e  Pt /Sn02 c a t a l y s t  i s  unknown and would have t o  be de t e rmined  
by k i n e t i c  s t u d i e s .  
The e f f e c t  of h i g h e r  c o n c e n t r a t i o n s  of CO and O2 
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A. Catalyst - 1% Pt/SnO in plug-flow reactor B. Test gas 
Para meters: 
2 
Stoic h iomet r i c  mixture : 
l 1% CO, 11'2% 02, 2% Ne, in He 
e Average part icle size - 1 pm 
.Bulk density - 1.934glcm 3 
l Sn02 density - 7.Oglcm 3 
l BET area - 6.9m 1g 
l Specific void volume: 
C. Analytical method 
Gas chromatography : 
2 
e Column type - coaxial column 
si l ica gellmolecular 
I 1 3 sieve 
) =  . 374cm /g "0 1.934 7.0 
= (--- 
e Column temperature - 8OoC 
l Column flowrate - 40 Sccm Pretreatment : 
020 h r s  at 225OC wi th  he l i um gas 
F i g u r e  1. Experimental  materials and method. 
F i g u r e  2. C a t a l y s t  r e a c t o r .  
2 05 
Test gas 
cyl inder Dryer 
Switching va Ive ( 













meter Vent cy I i nde r 
Figure 3. Schematic of surrogate laser facility. 
c02 2 1% Pt/SnO2- 
A co + 1/2 0 
0 Test 1 - Constant temperature - 100°C 
Constant f lowrate - 10 Sccm 
Vary ing catalyst mass - 0.06 - 0. 24q 
0 Test 2 - Constant catalyst mass - 0. 15q 
Test gas flowrates - 5, 10, 15 Sccm 
Reactor temperatures - 55OC - 12OoC 
Data obtained Data calculated 
% y i e l d  C02 
% loss o2 
-1 
% loss co Pre-exponential (sec 1 
Reaction rate constants (sec-') 
Activation enerqy - (kJ mol-1) 


















Catalyst: 0. 159 1% Pt/Sn02 




Catalyst: 1% Pt/SnO2 
Test gas: 1% CO, 0.5% 02, 2% Ne, in He 
Temperature: 100°C 
BET surface area: 6.9 m 2 1g 
Flowrate: 10 Sccm 
0 .06 . 12 . 18 .24 
Catalyst sample weight, g 




a Flowrate: A 15 Sccm 0 10 Sccm 0 5 Sccm 
0 50 60 70 80 90 100 110 120 130 
Temperature, 'C 
Reaction rates for constant reactant concentrations. Figure 6. 
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Catalyst: 0. 159 1% Pt /Sn02 
Test gas: 1% CO, 1/2% 0, 
1. 2 
1 
. 8  
. 6  
. 4  
. 2  
0 . 1  . 2  . 3  . 4  .5 . 6  . 7  . 8  . 9  1 
r ,  residence t ime, seconds 
Figure 7. Reaction rate constants, k. 
- 
Catalyst: 0. 15g 1% Pt /Sn02  
1. - Test gas: 1% CO, 112 70 O2 , 
1. 2 - 2% Ne, in  He 
Pre-exponential: B = 7.50 x 10 sec 
Activation energy: E = 55 kJrnol-' 
. 8 -  
.Q - 
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.0024 .00252 .00264 .00276 .00288 .003 
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I -1 -1 
k ,  sec gm 
Mi l l e r  et a l  1 
Stark & Harr is \
1 1 1 1 1 1 1 1 1 
2.5 2.6 2.7 2.8 2.9 3.0 3.1 3.2 3.3 3.4 
-3 0 -1 1lT (x 10 1 K 
F i g u r e  9. P l o t s  of t h e  Arrhenius  e q u a t i o n  for CO o x i d a t i o n  
on Pt/Sn02 c a t a l y s t s .  
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